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MIGRATION  OF  ENERCRf 

[Following  is  a  translation  of  an  article  “by  V.  N. 
Taruacv  in  the  hook  Osnovy  Biofizikii  i  Biofiaicheskoy 
Khlmll  (Fundamentals  of  Biophysics  luid^MophyBical^^eaK 
ifitry) ,  Part  I,  Moscow,  i960,  pp  26-39] 


In  a  study  of  the  luminescence  of  crystals,  it  was. found  that 
deexcitation  may  occur,  not  at  the  place  and  in  the  atom  where  the 
photon  struck,  hut  at  some  distance.  This  phenomenon  is  observed 
when  there  are  impurities,  even  very* negligible,  in  the  crystal.  For 
example,  luminescence  occurs  under  the  influence  of  radioactive  emis¬ 
sions  on  crystals  of  2inc  sulfide  containing  copper  as  an  impurity  in 
amounts  of  0.01$.  a  spectral  investigation  shows  that  the  copper  at¬ 
oms  luminesce  exclusively.  The  amount  of  energy  obtained  by  the  crys¬ 
tal  is  almost  completely  deexcited*by  the  copper  atoms,  although  the 
overwhelming  amount  of  the  energy  is  absorbed  by  the  zinc  and  sulfur 
atoms.  These  experiments  show  that  the  sine  and  sulfur  atoms  are  ca¬ 
pable  of  absorbing  radiant  energy  and  transferring  it  almost  without 
loss  to  the  copper  atoms,  sparsely  distributed  in  the  crystal  lattice. 
Such  a  phenomenon  has  also  been  detected  in  other  crystals  and  even 
in  noncryatalline  systems. 

A  characteristic  feature  of  this  phenomenon  proves  to  be  the 
fact  that  the  migration  of  the  electron  occurs  at  great  distances, 
from  the  molecular  point  of  view.  When  an  electron  is  moved  from  the 
atom  that  absorbed  the  quantum  to  the  emitting  atom,  it  must  cover  a 
space  extending  up  to  50  A  and  avoid  most  of  the  atoms.  It  is  charac-! 
teristic  that  the  electron  possesses  an  affinity  precisely  for  the 
fluorescing  atoms,  and  does  not  expend  its  energy  while  completing 
this  complex  Journey.  i 

The  mechanism  of  this  phenomenon  is  explained  by  the  structural 
peculiarities  of  the  crystals.  In  the.  crystal  lattice  there  are  elec¬ 
trons  that  are  components  not  of  each  sivec  atom,  but  are  general  com¬ 
ponents  of  the  entire  crystal.  In  crystals  possessing  electron  con¬ 
duction,  according  to  the  quantum  conditions,  bands  with  various  ener¬ 
gy  levels  are  formed,  which  are  filled  with  electrons.  Part  of  the 
level  may  remain  unfilled  in  this  case.  When  a  quantum  of  energy  is 
absorbed  in  the  basic  lattice  of  the  crystal,  an  electron  from  an  oc¬ 
cupied  band  passes  into  an  unoccupied  band,  migrates  along  it,  and, 
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j  S-viop;  off  its  energy,  #Gt?s  down  to  c.  Icwer  If  vel .  l’ho  empty  place  j 
i  remaining  xn  the  baud  3  is  filled  bv  one  of  the  electrons  from  an- 
|  other  band  C  (Fig.  3). 
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Fig.  3.  Scheme  of  migre.ti.cn  of  electrons  in  crystals 
(Riehl). 

t  A  —  conduction  band;  B  --  higher  substituted  band;  C  —  ; 

i  forbidden  transition;  1  —  state  before  excitation. 

i 

\  The  theory  haa  been  advanced  that  the  tiigraticn  cf  energy  may 

I  also  occur  without  direct  migration  of  electrons.  Fienkel  (X936)  has 
i  indicated  that  if  any  atom  in  the  molecule  is  found  in  &  at?.te  of  ex- 
j  citation,  this  excitation  cun  be  inductively  transferred  to  other  at- 
;  ome  and  can  move  until  it  reaches  an  stem  in  which  a  reaction  arises  j 
under  the  influence  of  the  excitation.  Spectral  investigations  have 
established  that  if  hydrocarbon  chains  contain  double  bends,  sepa¬ 
rated  from  one  another  by  several  ordinary  bonds  (Fig.  h) ,  then  when 
»  energy  is  absorbed  the  absorption  bands  do  not  change  their  position, 

|  In  chains  containing  so-called  conjugated  bonds,  l.a.  double  bonds  5 
I  separated  from  one  another  by  only  one  ordinary  bond,  a  lengthening  j 
I  of" the  wave  occurs.  Ibis  shows  that  in  such  a  system  ehe  double  bond 


2 


exists  in  an  energetic  interaction  with  the  other  double  bond*,  and 
that  the  energy  absorbed  by  one  bond  is  also  distributed  to  ton  other 
bonds.  It  is  proposed  that  such  a  nature  of  the  bend  ear.  oxiat  only- 
in  living  protein,  and  that  there  are  none  of  them  in  dead  protein. 
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Fig.  4.  Conjugated  bonds,  A  —  system  with  conjugated 
bonds;  B  —  system  with  uncon Jugated  bonds.  ' 

On  the  basis  of  thaee  observations,  a  hypothesis  lam  been  ad¬ 
vanced  (Schmidt,  1947)  that  a  conjugated  bend  arises  alone  the  pep¬ 
tide  chain  of  a  protein  molecule  as  a  result  of  the  tautosieric  transi¬ 
tion 
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However,  there  were  no  experimental  evidences  in  favor  of  thie  theory. 

Considerable  difficulties  were  also  encountered  by  the  theory 
of  the  possibility  of  migration  of  electrons  across  the  peptide  bonds 
of  protein  (Evans,  Gergeiy,  1949)-  The  possibility  of  delocalisation 
of  fr-electrons  vaa  postulated  on  the  basis  of  X-ray  structural  analy¬ 
sis  and  quantum  mechanical  calculations.  In  view  of  thie,  it  is  con¬ 
sidered  as  proven  that  the  fr- electrons  of  nitrogen  and  CO  can  be  dis¬ 
placed 
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|  Skis  inter  a  at  if  >4  nropcs«l  it  epsoul&tive  is  nature*  i 

|  n  0r>.«  of  to  «aftt  urgent  groble&e  of  sotem  biophysics  is  the  I 
j  problem  of  vh*t-lw3*  iiiiigfftiifta  of  energy  scours*  tein^  biological  p?oe« j 
i  asses  and  with  the  aid  of  t?hat  mwmlf'm  it  is  &ee©i!$ii»h«&s  w?  .a  i 
result  of  tits  trscsfer  of  electrons,-  aa-s  result  of  jraMMsano*  pk&soist*  j 
ana  or  vibration  yroceaserf  to  fci#  .efficiency  of  certain  procAseee * 
that  taJra  jlac#  in  living  systtaw  might  attained  by  algrotion  of  j 

energy.  ~~ .  .  ! 

to  dacos^ositioa  of  eianofein*  trinha^horio  arid  (A!??),  as  is! 
vail  Jnawn,  gives  to -energy  for  shortening  to  tjyoeia.  threads-*  | 
8c®at*  Qyergy  (195^)  advanced  to  hypothesis  that  centers  ic  which  4e*  1 
composition  of  AS?  occur*  art.  cot  found  in  each  wyrmia  fiber*  At  toil 
.•as*  tlarve  tasov  that  all  the  fibrils  *ro  shortened,  a»d  tor*  sr<s  | 
loss  center*  than  fibrils*  Tbs  skortaaing  of  the.  f  toils  occurs  in  1 
a  vary  short  tin&sjt  hence  v*  eanaot  ««su»»  that  to  energy  in  trms*  I 
f erred  by  diffusion  »»»«.  to  hypothesis  «roc.a  tot  Us  tfeis»  e&*«  '  | 
the  transfer  of  energy  occurs  on  account  of  the  Halt  of  electronic  j 
excitation  e?  to  aleetrona,  ^ust  ah  ia  phanattaaa  or  fluorescence  in  \ 
crystals*  > 

Sxtrasaly  interesting  data  hava  also  b««a  obtained  (Richer, 
K&sparion,  19^;  la  a  study  of  the  anargeticB  of  to  cytocbramsa, 
vaich  perform  tha  oxidation  of  hydrogen,  and  as  a  result  tft.%'  a  vital 
role  ia  .the  oxldatiw  processes  that  .  taSos  pine*  4a  the  .wU».  to 
cytoehmass  contain  iron  in  tha  &i«  and  trivsleni  form,  one 

fora  is  constantly  being  eonvartad  b©  to  other*  Structurally  .the 
cytochrome  represent#  a  large  protein  aolseul*,  on  tha  periphery  of 
vhich  «a  iron* containing  group  is  situated .  to'wAteiito-ifeitito  of 
'  eytochron*  is  of  tha  order,  of  aawrol  iaiatodfc-cw  of  thousand* .  At* 
taaptfl  have  been  to  link  tha  mabmim  of  tha  oxidation  end 
duction  of  iron  to  tha  structural  pecultoitSM  of  to  cytoiroa#'1*.. 

In  order  for  tha  transfer  of  oxygen  fspoa  ojse  atom  of  iron  t';  caotfcer 
to  ba  possible,  these  atoaa  of  iron  should  be  situated  on#  o-p&osite 
the  other*  'In  the  presanaa  of  wore  that  tiro  atoms  of  iron*  «uoh  a 
j  distribution  is  impossible*  'If  thero  sre  tore  then  tre  aoiacule*  Of  ! 

ieytochrojaa,  ton  any  of  ton  should  bd.join  each  other  w>t  vitte  iroa 
atom,  but  vitk  their  pe-otain  portions.  Xn  vierr  of  ilds,  to  hyroSh- 
asis  vas  sdvanoad  thet  to.  ansrgy  ia  treraf erred  betwaefi  iroa  Ate«a 
|  along  a  pro  tain  bridge. 
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As  a  second  example  ve  mi  gat  cites  the  instigation  of  jr/oglo-  < 
,  d^nducT-ed  by  Bucher  and  Kasper  son.  MsrogloMu  Is  fc^ndid  to  fora*  j 
mo^eculec  of  CO,  Xhle  compound  decomposes  tinder  the  action  of  light,  i 
The  myoglobin  *5oi»cuie  consists  of  an  inert  protein  nucleus  ard  a  he-  » 
min  group,  which  is  bonded  to  the  CO,  The  absorption  spectra  of  the  ! 
protein  nucleus  and  he min  group  are  different,'  The  protein  nucleus  ; 
,  has  an  absorption  jraximum  in  the  TJV  region,  due  to  tyrosine  said  tryp-  | 
j  tophan;  the  hemin  group  has  a  maxiau  i  in  the  region  of  <+00-?00  8.  | 

|  Bucher  and  Kasper  son  d  eterminad  the  amount  of  CO  split  cut  by  I 

(  irradiating  myoglobin  with  various  parts  of  the  spectrum  in  the  re-  I 
|  gion  of  2&00-5000  A  at  equal  amounts  of  energy.  They  established  that! 

I  the  auiouiit  at  CO  split  out  both  in  irradiation  by  light  with  a  wave  j 
]  length  of  3300  8  and  in  irradiation  by  light  with  a  wave  length  of  ( 
|  5000  a  was  the  same ,  in  spite  of  the  fact  that  in  the.  first  ease  the  j 
|  absorption  of  energy  occurred  in  the  protein  portion  of  the  ayoglcbin J 
•  molecule,  while  In  the  second  case  it  occurred  in  the  hemin  group.  j 
j  This  phenomenon  com  be  explained  by  the  fact  that  splitting  out  oi  an? 


electron  occur a  in  the  protein  molecule  under  irradiation  by  ultravi-  \ 
oletj  the  electron  migrates  along  the  protein  to  the  hersin  group,  | 
where  reduction  of  iron  takes  place.  The  comparatively  low  quantum  \ 
yield  of  this  reaction,  less  than  20$,  gave  a  basis  for  objections  ‘ 
j  (Torenin,  Krasnovskiy,  19A9V  that  in  this  case  the  transfer  of  energy | 
j  could  have  occurred  thermally,  and  that  beating  could  have  led  to  J 
thermal  dissociation  of  tho  CO  of  myoglobin.  j 

However,  taking  into  consideration  r.he  fact  that  according  to  j 
]  the  calculations,  the  heating JLn  this  case  is  very  small,  no  more 
than  lft  the  experiments  of  Bucher  and  Xaaperson  can  still  be  consid¬ 
ered  convincing. 

Now  the  question  of  the  possibility  of  migration  of  energy  in 
protein  is  being  vigorously  debated.  The  experiments  of  Bonnieter 
(19?*0>  who  used,  the  natural  chroncprotein  pigment,  phycocyanin,  in 
which  eight  to  1 6  molecules  of  the  chromophore  are  bonded  to  a  mole¬ 
cule  of  -globulin,  as  evidence  for  this  theory,  have  obtained  wide¬ 
spread  recognition.  The  author  obtained  a  rather  high  quantum  yield 
—  almost  half  the  energy,  where  the  possibility  of  thermal  transfer 
of  energy  was  excluded,  A  determination  of  the  absorption  maximum  of 
the  pigment  phycocyaain  itself  shoved  that  this,  maximum  lies  in  the 
region  of  330-400  and  615  8,  while  that  of  the  protein  (the  determi¬ 
nation  was  porformed  in  hydrolysates)  lies  at  1?5  8* 

1  Experiments  have  shown  that  the  ruantua  yield  was  the  »cto, 

independent  of  the  spectral  region  of -tue  source  of  excitation.  Al¬ 
though  Eannietor’s  experiments  evoked  'i&ry  objections,  in  particular 
in  connection  with  the  fact  that  the  determination  of  the  absorption 
maximum  of  the  protein  was  performed  not  with  the  native  protein, 
but  with  a  hydrolyaats,  these  exporimento  give  e  basis  for  assuming 
that  the  migration  of  energy  proceeds  along  protein  bridges.  In  any 
caae,  the  absorption  spectrum  of  the  protein  determined  by  Bannister 
could  not  differ  greatly  from  tbe  true  spectrum,  since  the  spectral 
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AbJwrpWoia  oaT  tbe  pt;o*«ia  ia  dM  bo  artfiio  ac-Ms,  chief iy  tyrostoe  end 
tiTptophaii,  which  remained  un&cf’osres^d  in  the  l^iroly»n.te  - 

Shift  Tfc.&acmnoti  hae  b^ea  c-ir.arly  demonstrated  ie  tbo  experi* 
aenti  of  French  and  Jouag  (1&52)  witn  r**;’  eigen,  in  whial*  t««.r^r  are 
three  pigm»t.a:  chlorophyll,  phyeocyarii-*;  phyeoarythria.  The 
ubsorpslmj  yvgion  of  ohl'.’trcpiiy?.!  t»  4GC~*i.5C  A,  rhat  of  phy cos?, vthr  ia 
4^0-55u  X,  &nb  ihat  of  phjreycyjwli  *•*  vitfc  *  fflsxli&m  at  ebovt  6S0  X* 
:tt  we.  a  cstabii *asd  that-  fli&reseeoce  of  chlca-ophyXl  it-  obtained  vita 
rt  2)tgh  duasitufc  yield  when  tar  sye-oc-Js  is  Jrrfc&intad  with  light  vith  tt 
*1  abotn  K£0  5!,  which  .»  rberrhoa  by  .phyoc«rytM*in. .  At 
*>he  ***«  tlv»,  ‘llvnj.  scenes  of  pbr«.0nys*>ii»  coo-ire.  ?hi.>  show-3  that 
chlorophyll  ubd  phyooryanin  obtain  energy  fro®  the  phycoerytbri  c- * 
phiefc  ^tn  he  r^oottpliohe  i  ciiy  by  ws-sas  of  i«i$r«tion  of  energy 
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Tig*  5«  .Kffsctlvaness  of  sxcU  chics  of  fluere?carc4  of 
chlorophyll  (Freaab,  .Toxmg), 

1  -*>  ut  sorption ?  2  —  chlorophyll  ,:a‘j  ?.  — »  phyeocryth- 
rinj  4  -*  phyoocy«r:ift;  lj  •»*  Ala  &^., 

Aoalosoan  date  here  been  obtained  cn  thu  alga  Ctorocoeeone  and 
on  purple  bacterid,  where  a  transfer  of  erargy  wa»  tfftMWi  from  the 
pigaente  that  absorb  abort  waves  to  the  pigments  that  abrr  •b  ior^ 

w&vee  *  .  ,  ,  ,  .  , 

The  qmation  oi  the  prevalence  of  this  proeftsa  in  biological 

system?  and  of  the  naohaniss  of  such  *-.  aslgretien  remains  dabetatol®. 
ir*nin  and  !flp*sno?ftidy  (19^9)  helidve  that  the  tro«.:3fer  e?  «loc- 
traan  along  protein  bridges*  i*  Jmpc.aai.ble>  ard  that,  most 
^aijfftatiosi  of  energy  ooeui*®  br s-t lonctlly  ftlor  5  oha.  "?i  oi  ■■•cc* 

fact  th&t  hemiis  itself  doe«  not  pc^eeae  sjno  ebi.;.ity  va 
flwwosos  ia  edvanecvi  eft  an  objection  to  the  pcssibiliby  ov  atgi-etioa 
ct  eriergy  In  ityoglobin. _ ,,,  ..  — _ a — — — »>«—»» 
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Attempts  at  broader  generalizations  have  also  teen  rosde  to  ex-  } 
plain  the  phenomenon  of  mJgreticn  cf  energy  iu  a  number  of  biological  I 
processes.  Ttoja,  the  hypothesis  hea  teen  advanced  uh&t  under  tno  ac-  • 
tlor.  of  enzymes  a  transfer  of  energy  at  &  dietonc c  witneut  any  dis-  f 
parfiior,  of  it  always  occurs.  According  to  thU  theory,  the;  transfer 
of  energy  in  dehydrogenase  and  redaxc.se  ia  accomplished  according  to 
the  following  scheme;  for  example,  A  —  hydrogen  doner,  3  --  hydro¬ 
gen  acceptor,  lb?  first  step  of  the  transfer  is  the  splitting  of  the 
j  coiapojnd  AH  into  ions:  AH  *  A  +  H.  Tn  order  for  B  to  enter  into  a 
I  compound  with  H,  B  should  obtain  a  negative  charge.  This  charge  --  a 
f  migrating  electron  —  parsec  from  A  to  B.  i 

ji  i 


A'  -f  B  *.  A  f  8‘.  ; 

t 

i  After  this  B  and 3  II:  4 

!  i 

J 

For  example,  in  a  protein  (Fig.  6)  molecjilen  A  and  B  ore  situated  at  : 
a  considerable  distance  from  one  another  (at  a  distance  of  tenb  of  I 
molecular  radii).  The  protein  layer  is  surrounded  by  water,  dicsoci- | 
a  ted  into  E  end  OH  ions.  A  splits  out  an  electro;:  and  acquiree  a  j 

positive  charge,  while  H  is  split  out  Into  the  Aqueous  medium  «s  a  ■ 

result.  CThe  electron  migrates  along  a  bridge  to  B;  3  acquire:*  a  r.eg-  { 
ative  charge,  and  as  a  result  seizes  a  hydrogen  from  the  external  me-  | 
diura.  There  ia  no  direct  transfer  of  the  hydrogen  ion;  the  reaction 
is  accomplished  by  transfer  of  an  electron.  j 

I 

i 


£ _ £ 


Fig.  6,  Scheme  of  migration  of  an  electron  under  the  J 
action  of  dehydrogenase.  ! 

At  present  there  ore  a  number  of  points  of  view  on  the  »;oasi-  I 
ble  mechanism  of  the  migration  of  energy  in  proteins.  Ao  has  already ! 
been  indicated  above,  the  electronic  ty.pn  of  energy  inigration  is  pos-  i 
sible  in  crystal  structures  where  free  conduction  bands  exist.  The  i 
presence  of  free  conduction  bands  is  usually  detected  by  an  increase  } 
in  the  electroconductivity  under  the  appropriate  Influence  (irradfe-  j 
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j  ticn).  In  view  of  this,  experiment c  in  /hi zb.  it  w.«a  possible  to  de- 
J  t*ct  ?-•-  increase  in  the  ‘eieat.TOwn4uct.1vity  when  protoin  was  irradi- 
j  ated ;  h--ive  been  eomucttsd  to  uemun -.urate  the  possibility  of  migration 
;  of  energy  prc-.ttiu,  Ifcua,  ior  example.  in  tho  light  Szenc-Gyorgy 
j  (1956)  detected  an  increase  in  the  elsctrccoadueti vi  ty  of  gel  atin  to 
i  which  pigment  eyete;ar  hava  been  added.  However,  he  did  not  demon* 

!  atrite  that  3uth  an  effect  mighc  be  due  only  to  the  pigment. 

I  A  negligible  increase  in  the  elec  troee;.dv.ct.tvitv  was  also 


found  ir  meolcred  gelatin  (ftiehl,  1955),  which  might  possibly  be  duo  * 
•  co  impurities.  We  should  consider  in  this  c the  fact  that  gelatin* 
!  although  a  protein,  differs  greatly  from  native  proteins  in  ita  struck 
i  turn  and  properties . 

i  Meny  rose&rciieiM  (Teruniti.  Xrasnevakiy,  19^9)  consider  oho 


\  electronic  type  of  energy  migration  in  proteins  as  relatively  improb- 


1  abl-a,  duo  tc  the  absence  of  any  crystal  structure  in  them, 

!  In  addition  to  the  possibility  of  migration  of  energy  by  means  j 

j  of  electrons,  the  hypothesis  has  been  jidvanced  that  such  a.  inigr&tion  - 
{  may  be  accomplished  on  account  of  motion  of  protons. 

!  On  the  basis  of  his  investigations  of  energy  migration  ir  ice,  ■ 

j  Riehl  advanced  the  hypothesis  that  the  same  type  of  migration  of  en- 
j  ergy  can  also  recur  in  proteins.  In  this  case  the  proton  conductor-  • 
may  be  solvated  water  or;  the  surface  of  the  protein  molecules,  which,  j 
a  a  is  well  known,  possesses  the  properties  of  ice.  The  role  of  the  f 
factor  creating  an  ordered  structure,  according  to  this  hypothesis,  i 
la  played  by  the  polypeptide  chair 3  of  the  proteins,  to  which  the  * 
water  is  connected  by  mean*  of  hydrogen  bonds.  Accrrding  to  this  j 

scheme,  if  the  formation  of  an.  ion  pair  OH  and  HO  occurs  in  say  ecu-  | 
tion,  the  proton  in  the  oxonium  Ion  passes  to  the  neighboring  role-  . 
cule:  ! 

i 

j 


|  Certain  researchers  (Vladimirov,  Konev.  195T-'  oeli.^ •>  thvl  the! 
\  most  probable  mechanism  cf  the  migration  of  ar-ergy  u  pro*'v..vi  r  *,«.  * 
j  terns  is  a  resonance  mechanism,  which  vtu  prop-  sod  bv  vuvilv,  ss-l  J 
{  Feiren  to  explain  the  migration  oi  energy  between  dimolecu/  .'u,  An  , 
|  this  case  a  crystal  structure  is  not  roquiredj  it  is  necessary  c.\ly  J 
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,  -hat  t.ie  energy  donor  possess  fluorescence,  the  spectrum  of  which  ovcr- 
i  *eps  with  the  abporption  spec trim  of  the  acceptor,  and  tipt  tho  donor  * 
J  ce  no  wercs  tuen  100  X  nvay  from  the  accepto'1.  , 

These  conditions,  in  the  opinion  of  the  authors  indicated 
above,  are  satisfied  in  protein^ ,  For  example,  aunno  aciis  adsorbed 
•  on  paper  posness  fluorescence,  and  the  spectra  of  amino  acids  and  pro- 
]  teir.s  overlap  en  masse-,  cub  is  3ho vn  by  many  investigations  (Weber, 
j  1953;  Bannister,  1954;  Soho re,  terdea,  1956).  The  opinion  ex lots 
(Schmidt,  1947)  that  the  hydrogen  be. ids  that  create  the  double  bond 
in  amide  chains  ere  tne  resonating  system  of  the  protein  molecule. 

There  are  a  number  of  experimental  facta  in  favor  cf  the  con- 
.  cept  of  a  resonance  mechanism  of  the  migration  of  energy  in  protein* 

|  Investigations  of  the  migration  of  energy  on  pnyeoerythrin  (KOnev,  v 
\  1957)  have  shown  that  heating  of  the  system  to  60°,  leading  to  dena-  ; 

j  turation  of  the  protein,  does  not  disrupt  the  mechanism  cf  the  energy  j 

;  transfer.  In  the  case  of  electron  transfer,  denaturation  should  have  j 
disrupted  the  migration  process,  since  in  this  case  the  structure  cf 
the  protein,  which  is  a  necessary  condition  for  electronic  migration 
(the  existence  of  a  conduction  zone),  is  disrupted.  However,  in  na¬ 
tive  proteins  both  types  of  energy  migration  are  apparently  possible.  -t 
It  has  been  found,  for  example  (Konev,  1957;  Vladimirov,  Karev,  1957),-' 
!  that  there  are  two  fluorescence  maxima  In  native  proteins  under  exci-  j 
!  taticn  by  visible  light  —  in  the  region  of  £30  A  and  in  the  region  of- 

j  240  a.  The  first  maximum  did  not  disappear  after  denaturation.  The  i 

j  second  maximum,  which  was  observed  only  in  native  proteins,  diaap-  ! 
!  pears  undrr  the  influence  of  heat  and  other  denaturing  agents  (urea, 

.  pH) .  On  the  basis  of  this  the  authors  make  the  quite  correct  as sump-  ; 
!  tion  that  the  transfer  of  energy  in  the  second  maximum  is  related  to 
i  the  structural  organization  of  the  protein  and  assume  that  in  this  t 
1  system  the  transfer  of  energy  taken  place  through  the  electrons  ac¬ 
cording  to  the  zone  conduction  type.  Work  with  paramagnetic  •eaonance 
also  supports  the  theory  that  such  conduction  bands  can  exist  ir.  pro¬ 
tein.  With  the  aid  of  this  method,  Blyuitenfel'd  and  Khl'mar.son  1 

(1957)  detected  maxima  belonging  to  free  delocalized  electrons  in  am-  . 
ir.o  acids.  Analogous  maxima  have  been  found,  bv  this  tamo  method  in 
native  protains  (Commoner,  Hcise,  1957). 

The  hypothesis  of  the  ponsibility  of  electronic  migration  of  ! 
energy  during  the  conduction  of  a  nerve  iirplUj  (ittehl)  is  based  on  . 
i  purely  external  analogies.  However,  we  cannot  but  consider  the  fact  \ 
that  when  a  cell  passes  into  a  state  of  excitation  during  the  passage  j 
'  of  an  impulse  along  a  nerve,  structuring  onA  polymerization  occur  , 
j  leading  to  the  formation  of  threadlike  reversible  structures,  along  ■ 
|  which  migration  of  energy  might  be  accomplished.  The  possibility  of  t 
;  electronic  transfer  in  this  csa«  is  doubtful,  uince  numerous  experi- 
\  cients  of  various  authors  have  shown  that  c  magnetic  field  does  not  , 


!  influence  this  process.  ' 

1  Views  nro  expressed  that  the  migration  of  energy  by  clcctrono  ; 

I  plays  a  vital  role  in  the  process  of  photosynthosie.  In  an  analysis  j 

mtmm mm mm*m.  mmmm  -  mm*  »  -  —  —  -  ~~J-  *  ** 
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c?wi 

iz  has  be*e«a  established 


VlxS  »«!*«•.  efi-K  blvear»a  of  puotocyntheoie  1»  achieved  at  adaf- 
o-axt^  iat.io  cf  ...ha  periods  *..f  illumination  and  darkness,  ’its  laves-  j 
of  relationship*  led  zo  the  conclusion  ohas  tb*  eftlor-  I 
ophyll  molecule  io  cone  .Ida-* ably  larger  xban  the-  point  in  which  the 
h  taction  taka  a  plane.  One  "dark"  point.  aecountr  ,fcr  en  cverags  I 
c"'  ;'p  to  2000  .y>ldOpi.<®o  nf  chlorophyll,  which  cupi.lv  energy  to  these  j 
pDu.rt a.  Caicuif.tiocd  have  >’ho**n  s’lch  a  number  of  cblorophvll  ; 
nolecules  cannot  he  aiati’iov.ted  around  the  dark  poiost  There  the  t-kem-  } 
ical  reaction  takes  place  in  such  a  vay  that  all  tho  molecules  aye 


I  directly  in  eo react  with  it.  tar  can  a  diatr-.hutS.ou  of  the  ofcloro-  } 
«  pbyll  molecule 3  in  several  layers  guarantee  a  transfer  of  energy,  j 
|  since  tho  migration  of  energy  ir*  chlorophyll  does  not  occur,  in  c:cn-  ! 
|  ncctior.  with  the  fact  tb&t  there  are  no  fret*  conduction  bande  in  j 
i  chlorophyll.  A  satisfactory  model  eu-pl  lining  thft  possibility  cf  on-  j 
{  enay  migration  from  the  chlorophyll  rol^culea  to  the  dark  points  was  i 
j  created  on  the  one  is  c  t  morphological  data  ever,  before  the  question 
f  of  migration  of  energy  'xrcee .  In  this  scheme  a  pro  coin  bridge  plays  ; 

\  tho  role  of  a  conduction  band.  An  electron  from  the  chlorophyll  mol- 
>  eculea  moveo  along  this  bridge  to  the  center  where  the  chemical  reao 
!  tion  is  uccorpliahed.  It  ict  not  yet  clf-ar  how  migratiou  ni  ener gy  is 
J  accomplished  in  this  bridge.  feasibly  the  transfer  of  energy  !■$  ec- 
j  conpliened  in  a  way  analogous  to  that  proposed  by  Frenkel  in  tho  ex* 
l  cl  ten  theory.  1  ranks!  proposad  that  the  transfer  of  euergy  in  aecom- 
}  vvUt:eu?d  by  u  sMcooesive  transition  of  the  molecule  into  a  rotate  of 
!  ex  i tatior.  or  by  eeaac  of  vibration.  An  axjariinentai  approach  to 
;  solving  this  problem  Is  difficult;  hence,  thin  theory  <i,  a.  yet  apeo 
j  ulative  in  nature .  A  great  ro'e  bare  should  be  played  by  irvwBtiga- 
f  tionj  of  piwwmts  in  vivo  (Lit*  in,  I95Q).  Inter  .stirs  data,  have  been 
j  obtained  in  experiments  on  t.fc^  alga  Chroocutcuft  'Arnold,  OsppanhotKar, 

I  WO) ,  which  h/j.6  two  pigment.*  —  chlorophyll  aiA  phycocyactn,  the 
l  spectral  abaorpr.ion  regions  of  which  lie  far*  from  one.  'another.  The 
*  r  -odr.urr.  i\r  chlorophyll  Her  in  the  region  of  COOG  li,  that  fvU  nlyeo* 

|  cyan In  ii»  the  region  of  1)000  jl.  Bxpcrir.iecual  imfS8t;.^atiob;.  show 
j  that  in  irradiation  by  the  portion  of  the  spectrum  tbefc,  it  i  ;  aV 
{  sorbed  by  phycocyanln,  -su^l  by  that  which  iu  absorbed  by  cbCtc  .-ophyll. 

\  thu  quantum  yiold  proves  to  be  the  aara.  ..Vbotcsynthftsia  can  be  nc- 
I  coaiplif'Qrad  only  by  cliXorophyll .  In  the  Irredie-.tion  of  phycocyenin, 
the  sleetroni  ayparenvly  migrate  from  the  phyeocysnin  ncleculee  to 
the  cnloropoyll  molecules,  os  a  result  of  which  photo c vnt.hu ot  >  ir  ac¬ 
complished. 

One  of  tlie  facts  advanced  in  fevor  of  the  theory  of  M. oration 
of  energy  vaa  discovered  in  a  study  of  the  quantitative  principle.*  of 
the  production  of  mutations.  In  an  investigation  of  tho  dependence 
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I  of  the  appearance  of  mutations  on  the  dose  of  X-rays  (Riehl,  Rompe, 

|  Timofeev-Rsaovsky,  19^3),  it  was  established  that  nutation  cun  be  ob- 
\  taincd  after  influence  on  even  one  or  several  attains.  Calculating  tha 
j  volume  in  which  the  incidence  of  the  photon  should  occur  (i.e.  the 
}  probability  of  appearance  of  a  mutation  caused  by  Radiation) ,  tney 
i  found  that 

J  II  •  1  -  a555*'/4 

i 

» 

‘  where  a  ia  the  number  of  atom*  in  the  section  of  incidental  A  ia  the 
;  number  of  atonic  in  1  cm3;  p  io  the  "efficiency"; •  z  ie  the  number  of 
I  ionisations  in  1  cm3, 

i  Determining  the  value  of  A  on  the  basis  of  experimental  data, 

{  the  authors  showed  that  the  smallest  volume  of  incidence  was  many 
I  times  (approximately  1000  times)  greater  than  the  volume  occupied  by 
I  the  molecules  that  react  to  the  incidence  of  the  photon.  Certain 
authors  attempt  to  explain  this  effect  of  migration  of  energy  in  the 
mutation  process  by  diffusion  of  water  radicals,  formed  in  the  irradi¬ 
ation  (Zirkle,  Totiasch,  1953/ • 

Spiking  of  the  possibility  of  migration  of  energy  in  biologic¬ 
al  systems,  we  must  take  into  consideration  the  fact  that  there  are 
vast  differences  between  model_exporimentn  on  proteins  and  actual 
uhysicochemlcal  conditions.  Investigations  of  the  physicochemical 
state  of  living  protein  show  that  it  possesses  some  sort  of  labile 
bonds  and  structure  that  are  not  at  all  reproduced  by  proteins  iso¬ 
lated  from  the  cells.  It  is  well  known  that  structuring  of  proto¬ 
plasm  takes  place  under  excitation  and  upon  transition  to  the  active 
state.  It  ia  converted  to  a  gal,  and  fibrillar  structures  we  de¬ 
tected  in  it.  This  should  create  favorable  conditions  for  the  migra¬ 
tion  of  energy.  It  was  described  long  ago  that  under  irritation  and 
the  initial  stages  of  necrosis,  protoplasm  acquires  the  ability  to 
luminesce. 
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